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What is already know of this topic
• Fine motor skills are fundamental for everyday functioning
• At an early age, fine motor deficits are concerning
• Fine motor skills are associated with other aspects of children’s learning and
development
What this paper adds
• Prevalence of early fine motor delay in preschoolers from low-income communities
within Australia
• Associations between fine motor delay and socio-demographic factors, other aspects
of learning and environmental factors
• The importance of early fine motor screening to adequately target children who need
of further support
ABSTRACT
Aim: This study examined the prevalence and risk factors of fine motor delay in Australian
preschool children from low-income communities.
Methods: Children from the Early Start Baseline Study completed the Ages and Stages
Questionnaire (3rd Ed.). Age, sex, executive function and family characteristics were assessed
and associations with fine motor skills analysed.
Results: Data were available for 700 children (Mage 54.0±8.6 months, 53.1% boys) of which
77.4% were typically developing, 12.1% at risk and 10.4% delayed for fine motor skill.
Children had higher odds of being delayed if they were male (OR 3.30, 95% CI 2.22 – 4.90)
or indigenous (OR 3.31, 95% CI 2.12 – 5.16) and had lower self-regulatory (OR 2.17, 95%
CI 1.31 – 3.58). Higher vocabulary (OR 0.92, 95% CI 0.89 – 0.94), higher family income
(OR 0.22, 95% CI 0.05 – 0.90) and family education (OR 0.25, 95% CI 0.08 – 0.74) were
associated with lower odds of delay.
Conclusion: Almost one in four children from vulnerable communities experience fine motor
difficulties, highlighting the importance of early screening, and targeting key child and
environmental risk-factors.
Keywords: developmental, education, physical activity, fine motor skills, preschoolers
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INTRODUCTION
Fine motor skills involve holding and manipulating objects with the use of small hand
muscles and more complex movements that invoke hand-eye coordination, which is essential
in generating cohesion between finger, hand and wrist movements (1). These skills have been
linked to other key aspects of learning and development (2-5), including: gross motor skills
(4-6), executive functions (4-8), and school achievement (1-3, 5, 7, 9, 10).
Despite wide spread acceptance of the importance of fine motor development in early years
education and pediatric contexts (11, 12), international research shows that many young
children struggle to perform routine fine motor tasks at appropriate ages (13-16). Therefore,
screening or monitoring fine motor development at a young age may be valuable to identify
developmental delay and inform the design of intervention programs. While prevalence data
on fine motor skill delay in typical healthy children is limited, a few studies have such delays
at an early age. For example, in a longitudinal study of 229 typically developing French
children, Troude and colleagues (15) found fine motor delay in 5.2% at 1 year. By 3 years,
the percentage more than doubled (11.7%), and was higher than all other areas of
developmental delay (15). In an Ecuadorian sample (n=283), approximately one fifth of
children between 3-61 months showed fine motor delay (14), and, in a Ghanaian sample
(n=330), 9.7% of children between 1-51 months showed fine motor delay, with an additional
13.0% at risk of developing fine motor delay (13).
In additional to these preliminary findings, which indicate relatively high prevalence of fine
motor delay in diverse contexts, there is emerging evidence that fine motor delay may be
related to male gender, social and environmental factors (e.g., lower maternal age and
education), and lower family socio-economic group status (3, 17). It is important to note,
however, that there is some inconsistency in the extant literature (2, 4, 13). To make sense of
these inconsistencies, it is noteworthy that the relatively high prevalence of fine motor delay
coupled with socio-demographic risk factors could mean that certain groups of children
might be at a disproportionately heightened risk of being delayed in their fine motor
development. For example, risk associated with male gender might only be evident in the
presence of lower maternal education or low SES group status. Currently, there is little data
which speaks to this possibility and examines relations with other domains of children’s
functioning.
Given the scarcity of data on the prevalence and risk factors of fine motor delay among
children from vulnerable low-income communities, and the importance of these abilities for a
range of developmental and educational outcomes, further research is needed. Children from
regional and remote communities, for example, are often more likely to experience health and
developmental problems due to compounding factors. For instance, a lack of appropriate and
affordable support services (e.g. childcare, pediatric services), isolation, and lower
socioeconomic status contribute to higher risks for children’s development delay (18). Few
studies have investigated fine motor development delay in such high-risk communities, in
combination with the risk factors and associations with other aspects of early learning,
development and wellbeing. Therefore, this study aims to: (a) indicate the prevalence of fine
motor delay in preschool children from low-income communities in Australia, (b) examine
the relationships between fine motor delay, gross motor delay and self-regulation (e.g.
executive function and social behavior), and (c) investigate the associations of family
characteristics with fine motor delay within these communities.
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METHODS
The Early Start Baseline Study collected data from pre-school-aged children, parents and
Directors in 35 Early Childhood Education and Care services across New South Wales and
Australian Capital Territory, Australia. Services were located in low-income communities
and included a high proportion of Australian Indigenous children. Services were selected
using recognized indices for socioeconomic disadvantage and early development. All
children that were aged 3 to 5 years during the data collection period were invited to
participate. Prior to data collection, data collectors attended an intensive training, which
focused on measurement, protocol and communication strategies to work effectively and
respectfully with children and carers in vulnerable communities. Data collectors visited
services in pairs between October 2014 and April 2015. Data collection for each service
required approximately one week, depending on the number of participants.
Before data was collected, all participants and parents/caregivers of underage participants
gave written informed consent, and underage participants provided assent. Reporting was
done following the STROBE Statement (19). The University of Wollongong Human
Research Ethics Committee approved all study procedures in July 2014 (HE14/250). Parents/
caregivers of children and service directors provided written consents to participate prior to
data collection and written informed consents to have their data published.
The Ages and Stages Questionnaire (ASQ), 3rd Edition (20), motor skill subtests were used to
screen for fine and gross motor delay; the 36-, 42-, 48-, 54- or 60-month ASQ versions were
used based on the age of the child. Trained data collectors administered the ASQ to screen on
six items in both the fine and gross motor development. They scored every item yes (10
points), sometimes (5 points) or not yet (no points), according to completion of a task. The
sum of the six items provided a final indictor of fine and gross motor development for each
child. With the use of age-specific cut-off points, children were categorized as follows:
developmental delay, at risk for developmental delay or on track. The ASQ has established
inter-rater reliability coefficients of 0.43-0.69 and test-retest reliability coefficients of 0.750.82, as well as sensitivity of 82.5-89.2% and specificity of 77.9-92.1% (21).
The Strength and Difficulties Questionnaire is a brief behavioral screening tool used with
children aged 3-16 years. Educators completed the survey based on five aspects of children’s
behavior for each child in the service. The five aspects (emotional symptoms, conduct
problems, hyperactivity/inattention, peer relationship problems and prosocial behavior)
question both positive and negative characteristics of the child’s behavior (22).
Expressive vocabulary and executive function levels were assessed with four Early Years
Toolbox iPad apps (23). The freely available iPad-based assessments from the Early Years
Toolbox are designed to assess preschoolers cognitive, self-regulation, language and social
development (http://www.eytoolbox.com.au/).
Parents were given various options to complete a questionnaire; i.e., by paper, online or over
the phone. The questionnaire collected information about child and parents demographics,
and took around 20 minutes to complete. The current study included only specific questions
that were expected to impact fine motor development based on extant research: sex, date of
birth, Aboriginal status, postcode, parent’s education, and family income.
Descriptive and statistical analyses were completed using SPSS (version 24). Children were
grouped based on the fine motor outcomes. The Delayed group included all children that
3

were classified as delay or at-risk since these children require further developmental
examination or would be targeted during interventions. The Typical group included all other
children. The odds of being in the Delayed group based on child, family and environmental
factors were individually checked with binary logistic regression models. Odds ratios (OR)
and 95% confidence intervals (CI) were calculated. Logistic regression analyses were
adjusted for age, gender, socioeconomic status (SES), vocabulary and/or executive
functioning, as they are known to be strongly associated with fine motor development. SES
was based on the The Index of Relative Social-economic Advantage and Disadvantage
(IRSAD). All statistical analyses were adjusting for clustering within services and statistical
significance was set at p<0.05.
RESULTS
All children who participated in the fine motor subtest of the ASQ were included in the study
(N=700). The mean age of the children was 54.0 ± 8.6 months, with 53.1% boys. In total, 235
(33.6%) were identified as being Indigenous. Regarding fine motor development, 542
(77.4%) of children were on track, 85 (12.1%) were at risk of delay, and 73 (10.4%) were
delayed (Table 1).
The percentage of parents who completed the parent questionnaire was low (39%), which
resulted in high proportion of missing data on socio-demographic variables. Of the parents
who completed the questionnaire, almost three-quarters lived with their partner/spouse
(73.7%) and two-thirds were employed (67.6%). Half of the families had an income well
below the national average ($AUS <75.000, 50.8%) and 31.6% had a University or
Postgraduate degree (Table 2).
Binary logistic regression analyses showed that having a fine motor delay was associated
with age, gender, gross motor development, Indigenous status, self-regulation, vocabulary,
and executive function (Table 3). Older children had lower odds of being delayed (OR 0.98,
95% CI 0.95 – 1.00) and boys had higher odds of being delayed compared with girls (OR
3.30, 95% CI 2.22 – 4.90). Children who experienced gross motor delay (OR 6.64, 95% CI
2.99 – 14.77) or were at risk of gross motor delay (OR 2.82, 95% CI 1.58 – 5.03) had higher
odds of being delayed. Non-Indigenous children had lower odds of being delayed compared
with Indigenous children (OR 3.31, 95% CI 2.12 – 5.16). Children with poorer selfregulation and behavioural problems had higher odds of being delayed (OR 2.17, 95% CI
1.31 – 3.58). Children with better vocabulary (OR 0.92, 95% CI 0.89 – 0.94) have lower odds
to be delayed. Children with higher executive functions – working memory (OR 0.45, 95%
CI 0.35 – 0.58), shifting (OR 0.91, 95% CI 0.87 – 0.96) and inhibition (OR 0.10, 95% CI
0.04 – 0.27) – had lower odds of being delayed.
After adjusting for children’s age, gender, SES and vocabulary, the logistic regression
analyses showed that children from single parent households (OR 3.10, 95% CI 1.22 – 7.86)
had higher odds of being delayed. Children from families with higher educated parents (OR
0.25, 95% CI 0.08 – 0.74) and higher family income (OR 0.22, 95% CI 0.05 – 0.90) had
lower odds of being delayed (Table 4).
DISCUSSION
This study investigated the prevalence of fine motor delay in preschool children from lowincome communities in Australia. Nearly one-quarter of the children scored below the cut-off
point of fine motor development at their age and warranted further assessment (20). The
current findings are in line with previous prevalence studies (13-15), which also focused on
4

younger children. In the early years, the extant literature suggests that fine motor delay
increase over time (15, 16). The current findings revealed that when examining at risk and
delayed children simultaneously, children had lower odds of delay at an older age. However,
closer investigation indicated slightly lower prevalence of fine motor delay at 3 years
compared with 4- and 5-year-olds, while at risk prevalence of fine motor delay decreased as
children aged. The discrepancy between the current literature and the results of this study
might be caused by the unique sample that participated in the study. The sample was
collected in centres in low-income communities; the older children might have had more
frequent exposure to day-to-day fine motor skill activities compared with younger children.
In line with the literature, the results showed that boys had higher odds to develop fine motor
skill deficits (3, 17). The sample included a large proportion of Indigenous children (33.6%)
and the results showed that non-Indigenous children had lower odds of being delayed than
their Indigenous peers. The cultural acceptability of the ASQ-3 has been questioned with
Indigenous children. The ASQ-3 has recently been modified for ages 2 to 48 months to be
more culturally and linguistically appropriate for the use in remote Indigenous contexts (e.g.
ASQ-trak) (24). This study did not use the ASQ-trak, and, therefore, these results need to be
considered with care. Nevertheless, the results are consistent with previous research
indicating Indigenous children are significantly more likely to experience vulnerability (e.g.
poor health and education outcomes) (25), which might be due to more limited educational
opportunities and quality, and the lack of culturally appropriate health and development
support services for Indigenous children and families (18). While there appears to be a
movement towards more cultural appropriate curriculum for Indigenous children within the
early childhood education, uptake and implementation has not yet been evaluated.
Children with gross motor problems also had higher odds to also have fine motor problems,
which highlights the strong association between these domains (4-6). A plausible explanation
is the resemblances of movements and coordination essential throughout both fine and gross
motor performance. The results also showed that better self-regulatory skills, executive
functioning and expressive vocabulary skills were all found to lower the odds of fine motor
delay. Various studies that have examined associations between fine motor skills, selfregulation and executive functions. In keeping with current findings, these studies have
revealed positive associations with fine motor skills (4-6, 8, 10). A plausible explanation for
these associations might be that several behavioral and cognitive abilities are required during
fine motor tasks and assessments, and vice versa. While a positive relationship between
expressive vocabulary and fine motor skills is not always present (5), the current study
showed a strong positive association. In addition, previous research does suggest a robust
relationship between fine motor skills and receptive vocabulary skills (26). Further research
is needed to better understand these relationships.
In line with the previous research from Comuk et al. (17), current findings showed that
marital status, parent education level and family income were associated with fine motor
delay. Similarly, employment status and SES were also related to fine motor delay, but the
adjusted odds ratios were not significant and should therefore be considered with care. In this
study it is possible that children from higher income families have more fine motor resources
at home. It is known that children who participate in more fine motor activities at home,
particularly craft activities and playing with small toys, have better fine motor skills (27).
Therefore, an explanation regarding increased odds for children from single parent homes
might be the lack of availability to set up and undertake educational fine motor activities with
their children at home. In addition, children from higher income families might have more
5

access to touchscreen based technology that requires children to use their fine motor skills.
While the direct impacts of technology on young children’s fine motor development have
shown mixed results, it has been suggested that earlier use (e.g. scrolling, touching) of touch
screen is associated with reaching fine motor milestones at a younger age (28).
The strengths of the current study include the unique sample of preschoolers from vulnerable
and low-income communities in Australia and a high proportion from Indigenous decent.
Given the importance of the reliability and validity of fine motor data, the ASQ-3 information
was collected by trained experienced researcher rather than parents or educators.
The limitations of the current study include the low response rate of the parents in the parent
questionnaire. The reason for this might be that some questions carry personal information,
such as family income and marital status. Additionally, there is potential of selection bias
within the sample of parents who responded. Children from parents who completed the
questionnaire scored on average almost four points higher on the vocabulary scale compared
with children from parents who did not complete the questionnaire. This could indicate that
children with lowered vocabulary have parents with lower vocabulary skills and/or literacy
skills, and therefore, these parents did not complete the parent questionnaire. Also, the ASQ3 was used to measure fine and gross motor skills has recently been modified to be more
culturally and linguistically appropriate for the use in remote Australian Indigenous context.
CONCLUSION
Despite the apparent importance of fine motor skill development in early childhood, the
current study indicates that almost one in the four children are delayed or at risk of fine motor
delay in low-income Australian communities. To better understand this high proportion, the
study shows these children also have a range of other factors associated with fine motor
delay. In particular, boys and indigenous children are three times more likely to be delayed
compared to their peers. Children that lived with a single parent were three times more likely
to be delayed compared to children who lived with parents who lived together. Other factors
that are associated with delay included younger age, poorer gross motor skills, poorer selfregulation and executive functioning, poorer vocabulary, and lower levels of parental income
and education. This information can assist future studies to select the most appropriate target
population when implementing screening and intervention programs to tackle fine motor
problems. Hopefully, this will improve the opportunities for young children to get assistance
they need to effectively develop their fine motor skills and in turn overall development.
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Table 1. Distribution of child characteristics and ASQ results
Variables
Full Sample
n=700
Demographic child characteristics
Mean age (n=700)
Months (SD)
53.99 ± 8.60
Years (SD)
4.50 ± 0.72
Age (n=700)
3-year-olds
182
4-year-olds
296
5-year-olds
222
Gender (n=700)
Boys
372
Girls
328
Gross motor development (n=686)
Typically
597
At risk
59
Delayed
30
Indigenous status (n=700)
Indigenous
235
Non- Indigenous
465
Self-Regulation (n=595)
428
Normal
64
Borderline
103
Abnormal
Vocabulary (n=667)
Mean score out of 45
22.66 ± 8.39
Executive Function
Working Memory (n=634)
1.63 ± 0.90
Shifting (n=630)
4.28 ± 4.11
Inhibition (n=614)
0.55 ± 0.24
Note: % are calculated on available arrival data

Grouped by Fine Motor ASQ results
Typical
At risk
Delay
n=542 (77.43%)
n=85 (12.14%)
n=73 (10.43%)
54.36 ± 8.66
4.54 ± 0.73

51.15 ± 8.14
4.26 ± 0.68

54.58 ± 8.13
4.55 ± 0.68

132 (72.5%)
224 (75.7%)
186 (83.3%)

35 (19.2%)
37 (12.5%)
13 (5.9%)

15 (8.2%)
35 (11.8%)
23 (10.4%)

255 (68.5%)
287 (87.5%)

59 (15.9%)
26 (7.9%)

58 (15.6%)
15 (4.6%)

485 (81.2%)
35 (59.3%)
11 (36.7%)

70 (11.7%)
9 (15.3%)
5 (16.7%)

42 (7.0%)
15 (25.4%)
14 (46.7%)

152 (64.7%)
390 (83.9%)

41 (17.4%)
44 (9.5%)

42 (17.9%)
31 (6.7%)

356 (83.2%)
45 (70.3%)
67 (65.0%)

39 (9.1%)
9 (14.1%)
19 (18.4%)

33 (7.7%)
10 (15.6%)
17 (16.5%)

23.85 ± 8.20

19.58 ± 7.27

17.21 ± 8.01

1.75 ± 0.89
4.64 ± 4.20
0.58 ± 0.24

1.19 ± 0.79
3.04 ± 3.65
0.48 ± 0.23

1.24 ± 0.89
3.00 ± 3.29
0.42 ± 0.23
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Table 2. Distribution of Family and Environmental characteristics and ASQ results
Variables
Grouped by Fine Motor ASQ results
Full Sample
Typical
At risk
Delayed
n=700
n=542 (77.43%)
n=85 (12.14%) n=73 (10.43%)
Demographic parent characteristics
Marital Status (n=274)
202
171 (84.7%)
15 (7.4%)
16 (7.9%)
Live with partner/spouse
42
28 (66.7%)
9 (21.4%)
5 (11.9%)
Single parent
30
26 (66.7%)
2 (6.7%)
2 (6.7%)
Separated/ Divorced/ Widowed
Education Level (n=275)
63
44 (69.8%)
9 (14.3%)
10 (15.9%)
Primary school, year 10 or equivalent
51
40 (78.1%)
5 (9.8%)
6 (11.8%)
Year 12 or equivalent
74
61 (82.4%)
6 (8.1%)
7 (9.5%)
Trade/apprenticeship/diploma
87
80
(92.0%)
6
(6.9%)
1 (1.1%)
University / Post-Graduate degree
Employment Status (n=275)
Employed
186
159 (85.5%)
16 (8.6%)
11 (5.9%)
Not Employed
89
66 (74.2%)
10 (11.2%)
13 (14.6%)
Family Income (n=258)
$AUS 0-49.999
83
59 (71.1%)
12 (14.5%)
12 (14.5%)
$AUS 50.000-74.999
48
39 (81.3%)
4 (8.3%)
5 (10.4%)
$AUS 75.000-149.999
87
78 (89.7%)
5 (5.7%)
4 (4.6%)
$AUS 150.000 or more
40
36 (90.0%)
2 (5.0%)
2 (5.0%)
Environmental characteristics
IRSAD Category (n=700)
<927
185
136 (73.5%)
21(11.4%)
28 (15.1%)
927 – 965.8
335
259 (77.3%)
42 (12.5%)
34 (10.1%)
965.9 – 1001.8
93
72 (77.4%)
14 (15.1%)
7 (77.5%)
>1001.8
87
75 (86.2%)
8 (9.2%)
4 (4.6%)
HLE-index (n=261)
Mean score out of 56 27.52 ± 10.31
27.40 ± 10.15
26.79 ± 10.29
29.43 ± 12.04
Note: % are calculated on available arrival data; HLE-index includes reading, sport, letter play, ABC,
numeracy, library, songs and paint with children; IRSAD = The Index of Relative Social-economic Advantage
and Disadvantage
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Table 3. Child characteristics associated the odds of being delayed or at risk of fine motor delay

Age

months

Age (categorial)

3-year-olds (reference)
4-year-olds

Gender

5-year-olds
Girls (ref)
Boys

Gross motor

Typically (ref)
At risk

Indigenous

Delayed
Non- Indigenous (ref)
Indigenous

Unadjusted OR
(95% CI)
0.978 (0.959 – 0.999)

Adjusted OR
(95% CI)
0.975 (0.954 – 0.996)†

0.849 (0.558 – 1.292)
0.511 (0.315 – 0.828)

0.805 (0.522 – 1.243)†
0.473 (0.288 – 0.777)†

3.212 (2.167 – 4.761)

3.297 (2.219 – 4.900)‡

2.969 (1.699 – 5.191)
7.480 (3.462 – 16.162)

2.821 (1.582 – 5.031)§
6.643 (2.987 – 14.773)§

2.839 (1.973 – 4.087)

3.309 (2.124 – 5.157)¶

2.088 (1.154 – 3.778)
2.657 (1.648 – 4.284)
0.923 (0.902 – 0.946)
0.508 (0.407 – 0.633)
0.902 (0.859 – 0.948)
0.103 (0.045 – 0.239)

1.773 (0.961 – 3.270)§
2.166 (1.311 – 3.578)§
0.918 (0.893 – 0.943)§
0.449 (0.348 – 0.580)§
0.911 (0.865 – 0.960)§
0.104 (0.040 – 0.271)§

Normal (ref)

Self-regulation

Borderline
Abnormal

Vocabulary
Working Memory

Executive Function

Shifting
Inhibition

† adjusted

for gender
for age (months)
§ adjusted for age and gender
¶ adjusted for age, gender and executive function
‡ adjusted

Table 4. Family and environmental characteristics associated the odds of being delayed or at risk of fine
motor delay
Unadjusted OR
Adjusted OR
(95% CI)
(95% CI)
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Marital Status

Education Level

Employment status
Family income

Live with Partner (reference)
Single parent
Separated, divorced or Widowed
Primary school, year 10 (ref)
Year 12 or equivalent
Trade/apprenticeship/diploma
University Degree or PostGraduate
Employed (ref)
Not employed
$AUS 0-49.999 (ref)
$AUS 50.000-74.999
$AUS 75.000-149.999
$AUS 150.000 or more
<927 (ref)
927 – 965.8

2.758 (1.307 – 5.821)
0.849 (0.277 – 2.601)

3.100 (1.223 – 7.858)‡
0.631 (0.169 – 2.349)‡

0.637 (0.270 – 1.501)
0.494 (0.221 – 1.104)

0.665 (0.236 – 1.869)‡
0.452 (0.174 – 1.172)‡

0.203 (0.079 – 0.519)

0.246 (0.081 – 0.742)‡

2.052 (1.098 – 3.837)

1.667 (0.794 – 3.503)‡

0.567 (0.239 – 1.349)
0.284 (0.123 – 0.655)
0.273 (0.088 – 0.851)

0.497 (0.180 – 1.375)‡
0.332 (0.128 – 0.862)‡
0.217 (0.053 – 0.896)‡

0.814 (0.538 – 1.233)
0.783 (0.496 – 1.235)§
965.9 – 1001.8
0.810 (0.451 – 1.454)
0.885 (0.447 – 1.752)§
>1001.8
0.444 (0.222 – 0.887)
0.618 (0.295 – 1.294)§
HLE-index
1.006 (0.976 – 1.038)
HLE†
1.029 (0.994 – 1.065)‡
† HLE = home learning environment; IRSAD = The Index of Relative Social-economic Advantage and
Disadvantage
‡ adjusted for age (months), gender, SES and vocabulary
§ adjusted for age, gender and vocabulary
IRSAD† Category
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